The mechanism for extracting bismuth(III) from an HNO3 aqueous solution into a trioctylmethylammonium nitrate (TOMA•NO3) xylene solution was studied at 25° C. The distribution ratio of bismuth(III) was measured as functions of the bismuth(III) concentration and the HNO3 concentration in aqueous solution, and the TOMANO3 concentration in xylene. By taking into consideration the dimerization of TOMANO3 in xylene, the extraction equilibrium of Kex bismuth(III) from nitric acid was determined to be Biaq+3NO3,aq+1.5(TOMA•NO3)2,org (TOMA+)3•Bi(NO3)6°rg. The conditional extraction constant from 1 M H2SO4 was obtained as log Kex=4.2.
Bismuth(III) is widely used in cosmetics and medicines, and is industrially utilized as a constituent of many kinds of alloys and semiconductors. Recently, the content of Bi(III) in the environment is regarded as being one indication of industrial pollution. Since the concentration of Bi(III) in nature is generally quite low, in most cases the bismuth ion is preconcentrated by solvent extraction before a determination. l_g We have studied the extraction mechanism of metal ions with trioctylmethylammonium halide (TOMA•X) and have applied it to the determination of these metal ions.9-i2 In a previous study13, it was found that bismuth(III) could be extracted with TOMANO3 from a nitric acid solution, in which the nitrate ion usually obstructs the extraction of metal ions with TOMA+. By combining this peculiar behavior of the bismuth(III) ion for the nitrate ion with graphite furnace atomic absorption spectrophotometry, a simple and specific method for determining Bi(III) was established. We studied the extraction mechanism of inorganic anions using a series of tetraalkylammonium cations into xylene, and reported on the formation of dimeric species in xylene.14 In the present work the extraction mechanism of bismuth(III) with a TOMANO3 xylene solution from an HN03 aqueous solution was studied. Chemicals) (100 ml), was shaken with 2.0 M HN03 (100 ml). After centrifugation, the aqueous solution was discarded. By duplicating this treatment, the chloride ion in the xylene solution was completely replaced by the nitrate ion. The other reagents were of analytical grade (Wako Pure Chemicals).
A quantity of 5X10-5 -5X104 M of bismuth(III) solution (15 ml) containing 0.05 -0.5 M HN03 and 1.0 M H2S04 was shaken for 30 min with 15 ml of a 0.05 -0.5 M TOMANO3 xylene solution in a thermostated water bath (25.0±0.1° C). This shaking time was sufficient to reach the equilibrium state. The bismuth(III) concentrations in both phases were determined by a flame atomic absorption spectrometry (Shimadzu Model AA-640-O1 S flame atomic absorption spectrometer), where the concentration of Bi in the xylene solution was determined by the back extraction of Bi(III) into 0.2 M perchloric acid.
Results and Discussion
The distribution ratio of bismuth(III) (D), defined by Eq. (1), was measured at various initial concentrations of bismuth(III) (CBi,int) under the conditions that the concentrations of TOMANO3 in the organic phase (CTOMA,org) and HN03 in the aqueous phase (CHN03) were kept constant,
where CBi,org and CBI refer to the total concentrations of bismuth(III) in organic and aqueous phases, respectively. Plots of log D as a function of log CBi are depicted in 712 ANALYTICAL SCIENCES OCTOBER 1995, VOL. 11 Fig. 1 . As can be seen from Fig. 1 , the value of D does not change upon changing the concentration of bismuth(III) at any conditions of CTOMA ,org or CHNO3. This observation indicates that the degree of polymerization of the chemical species of bismuth in the organic phase is the same as that in the aqueous phase. In the present study 1 M H2S04 was added in the aqueous phase in order to prevent the hydrolysis of bismuth(III) ion. It was confirmed that bismuth ion was not extracted from 1 M H2S04 in the absence of HN03. Bismuth(III) was present in a monomeric form in an aqueous solutionls,l6 under the conditions of the present experiments (CBi < 5X 10-4 M, CH2s04=1 M). Thus, the chemical species of bismuth(III) in the organic phase was determined to be a monomer. The extraction mechanism of an ion-pair of the tetraalkylammonium ion with inorganic anions has been studied in a solvent of low dielectric constant.14 According to the results, trioctylmethylammonium nitrate forms a dimeric species in xylene, (TOMA•N03)2.
Since the extracted species of bismuth(III) is a monomer, the extraction equilibrium of bismuth(III) with nitrate ion is generally written as Kex Bi3+ + mN03-+ n/2(TOMA•N03)2 ,org ~--= (TOMA+)n•Bi(N03)m+n,org, (5) The distribution ratio of bismuth(III) was measured as a function of the nitric acid concentration in the aqueous phase and the TOMA•N03 concentration in the organic phase. A plot of log D vs. log CHNO3 at a constant CTOMA.NO3 is shown in Fig. 2 . The slope of the plots at low concentration of HN03 is three (solid lines in Fig. 2 ) at any CTOMA ,org. This observation indicates that the coefficient of log CHNO3 term in Eq. (5) is 3, i.e., the value of m is determined as 3 at low HN03 concentration.
A plot of log D vs. log CTOMA,org is shown in Fig. 3 . The slopes of the plots at low CTOMA ,org are 1.5 (solid lines in Fig. 3) . Thus, the coefficient of the log CTOMA ,org term of Eq. (5) is n/2=1.5, i.e., n=3. Consequently, the extraction equilibrium of bismuth(III) with nitrate ion is given by the following equation:
Kex Bi3+ + 3N03-+ 1.5(TOMA•N03)2,org (TOMA+)3 • Bi(NO3) 6,org (6) Thus, these results are quite reasonable, i.e., charge neutrality holds for the extracted species. The conditional extraction constant of (TOMA+)3•Bi(NO3)63-from 1 M H2SO4 aqueous solution was determined to be log Kex=4.20 under the conditions of low concentrations of CHNO3 and CTOMA ,org.
Fedorov et al. 16 studied the complex formation of bismuth(III) with the nitrate ion in an aqueous solution by means of potentiometry.
They reported a successive formation of N03-complexes up to Bi(N03)63-and the complex formation constant of Bi(NO3)2+ as being K1= 0.74 at an ionic strength (I)=1-3 M. By forming the nitrato complex the side reaction coefficient of Bi (aB;) increases along with an increase in CHNO3; i.e., the slope of a plot of log D vs. log CHNO3 (Fig. 2) decreases. The curves were corrected by using the reported value for the formation constant of Bi(NO3)2+ in an aqueous solution (K1) determined under similar experimental conditions. 16 The results are depicted by the dotted lines in Fig. 2 . As can be seen from Fig. 2 , the decrease in the slope of the plot log D vs. log CHNO3 at a high concentration of HNO3 is explained by the formation of nitrato complexes of bismuth(III) in aqueous solution. Bi3+ forms ion pairs with SO42-and HSO4-in aqueous solution.17 Nevertheless, since the concentration of H2SO4 is kept constant, the side reaction coefficients of Bi3+ for S042 and HSO4-are kept constant under the present experimental conditions. Consequently, the ion-pair formation of Bi3+ with SO42-and HSO4-has no effect on the slope of the plot in Fig. 2 .
The concentration range of TOMA•NO3 showing a decrease in the slope (Fig. 3) is much higher than that reported in a previous paper.14 In this concentration range, the formation of higher aggregate of TOMA•NO3, such as (TOMA•NO3)n (n>2), is anticipated. Thus, the decrease in the slope in Fig. 3 can be explained by the formation of a higher aggregate of TOMA•NO3. 
